SRSVs visualized by electron microscopy that were serologically unrelated to NV. Three primer pairs were evaluated: two pairs in the polymerase region of NV and one pair near the 3' end of the genome. When one set of primers (primer pair 51-3) from the polymerase region was used, 40%o of all samples were positive by RT-PCR and specimens from the NV outbreaks were more likely to be positive (64%) than those from outbreaks associated with Norwalk-related viruses (44%) or SRSVs (8%). To determine the relationship of the outbreak strains to NV, we compared the sequences of a 145-base portion of the polymerase gene from 10 specimens obtained from five different outbreaks characterized as NV by serology. No two outbreak strains had the same sequence in this 145-base portion of the polymerase gene, and the identities of the nucleotide and amino acid sequences of these products compared with the sequences of the corresponding region of NV ranged from 62 to 79%o and 69 to 90%, respectively. Because of sequence diversity in the polymerase region, the successful application of RT-PCR to investigations of outbreaks of suspected NV-associated gastroenteritis will depend on the use of either multiple primer pairs or primers made against regions of the genome that are more conserved.
Norwalk virus, a 27-nm, small round-structured virus (SRSV), was discovered in fecal specimens from patients involved in an outbreak of gastroenteritis that occurred in Norwalk, Ohio, in 1968 (1, 16) . As the first SRSV recognized, Norwalk virus is the prototype of a group of SRSVs that includes two additional serotypes in the United States (the Hawaii and Snow Mountain agents), four serotypes in the United Kingdom (UK1 to UK4) (18, 19) , and nine serotypes in Japan (24) . SRSVs are recognized as important etiologic agents of acute, nonbacterial gastroenteritis and have been implicated in numerous foodborne and waterborne outbreaks. However, investigations of SRSV outbreaks and the characterization of this group of viruses have been limited by the lack of adequate laboratory techniques that detect these agents. Norwalk virus has not been grown in cell culture, no suitable animal models are available, and diagnosis has relied on the observation of 27-to 33-nm structured viruses by electron microscopy (EM) or the detection of seroconversion in paired serum specimens by an enzyme immunoassay (EIA) with reagents from infected volunteers. The use of radioimmunoassays, antigen immunoassays, and Western immunoblotting has been limited because of their relatively low sensitivities and dependence on reagents from human subjects. Detection of Norwalk virus antigen in fecal specimens is further complicated by the short duration of fecal shedding and the low concentration of virus in stool samples (16) .
Recent cloning and sequencing of the Norwalk virus genome (12, 21) have led to its classification in the family Caliciviridae (14, 15) (24, 27 (11) . Prior to the classification of Norwalk virus in the Caliciviridae family, human caliciviruses were believed to be serologically distinct from the Norwalk group of viruses (3, 20) and associated with gastroenteritis in children.
RT-PCR. For RT-PCR, 20 to 50% stool suspensions were prepared and extracted by the polyethylene glycol-cetyltrimethylammonium bromide (CTAB) method developed by Jiang et al. (13) . We evaluated two primer pairs in the polymerase region (primer 35, 5'-CTlTGTTGGTlTGAGGC CATAT-3'; primer 36, 5'-ATAAAAGTTGGCATGAACA-3' [27] ; primer 51, 5'-GTTGACACAATCTCATCATC-3'; and primer 3, 5'-GCACCATCTGAGATGGATGT-3') and one pair near the 3' end of the genome (primer pair 1-4); primer pair 1-4 has been described previously (13) (Fig. 1) .
The RT-PCR method of Jiang et al. (13) hRouch et al. (25) . 'Size of PCR product was slightly larger than predicted. Diagnosed as human calicivirus by EM. k Grohmann et al. (11). according to the manufacturer's recommendations. The labelling mixture was diluted 1:10, and the labelling reaction time was less than 1 min at room temperature and was followed by a 5-min extension time at 37°C. Sequencing reactions were run on an 8% polyacrylamide-6 M urea gel in TBE buffer (89 mM Tris [pH 8.3], 89 mM boric acid, 2 mM EDTA). The gel was vacuum dried and exposed to X-ray film for 12 h to 10 days at room temperature. Nucleotide and deduced amino acid sequences were analyzed with the Genetics Computer Group software package (5).
RESULTS
A total of 139 fecal specimens, including 56 specimens from seven outbreaks associated with Norwalk virus, 36 specimens from six outbreaks associated with Norwalk-related viruses, and 47 specimens from six outbreaks associated with SRSVs, were examined by single-round RT-PCR (Table 1) . Using the primer pair 51-3, we found that 40% of all samples were positive by RT-PCR and that specimens from the outbreaks associated with Norwalk virus by serology were more likely to be positive (64%) than those from outbreaks associated with Norwalk-related virus (44%) (P = 0.06) and SRSVs (8%) (P < 0.0001). Few of the fecal specimens produced positive PCR products with the other two primer pairs. Only 6 (4.8%) of 125 specimens tested with primer pair 35-36 were positive, and 4 (5%) of 80 specimens tested with primer pair 1-4 were positive (data not shown). Three specimens were positive with both primer pairs 35-36 and 51-3, and one specimen was positive with primer pairs 1-4 and 51-3. Positive PCR products were detected in fecal samples from 15 To determine whether the low frequency of Norwalk virus detection by RT-PCR might be explained in part by the sequence diversity of the outbreak strains, we sequenced PCR products made with primer pair 51-3 from 10 specimens obtained from five Norwalk virus outbreaks (Fig. 2) and compared the sequence of a 145-base region of the polymerase gene with the sequences from the Norwalk virus (12) and two other SRSVs, the Southampton virus (17) and the Japanese virus (27) (Fig. 3) . The sequence of each outbreak strain was unique and demonstrated some genetic divergence from the reference strains. When we compared the sequences of the outbreak strains with that of the prototype 8FIIA Norwalk strain and with each other, the sequence of the Japanese virus was most similar to that of the prototype Norwalk virus and had 20 base substitutions. The strains detected in Norwalk virus outbreaks had 26 to 51 base substitutions, and the Southampton virus had 37 base substitutions when its sequence was compared with that of the prototype Norwalk strain. Similar nucleotide substitution patterns were observed among isolates from several different outbreaks.
Among the 10 strains from outbreaks associated with Norwalk virus, nucleotide identity to the Norwalk virus sequence ranged from 62 to 79% (Table 2) and was similar to the identity seen between the Norwalk virus and Southampton virus sequences in this region of the polymerase gene (74%).
For four outbreaks, we sequenced the virus isolates from several fecal samples and found that in three of these outbreaks (Cruise 1992, Nursing Home 1986, and Cruise 1990), the different specimens had virus isolates with identical sequences. However, two separate strains (A and B) from a fourth outbreak (Cruise 1986) shared only 66% sequence identity, indicating either that more than one strain may have been involved in this outbreak or that one of the patients may Norwalk virus  100  86  79  79  79  75  75  74  73  72  72  75  62   Japan   100  77  77  77  76  76  74  76  77  77  76  64  Cruise 1992A  100  100  100  76  76  75  84  74  74  76  68  Cruise 1992B  100  100  76  76  75  84  74  74  75  68  Cruise 1992C  100  76  76  75  84  74  74  76 Since 75% of all the base substitutions occurred at the third positions of codons, the 49 amino acids predicted from the nucleotide sequences were less diverse than the nucleotide sequences, and amino acid sequence identity to Norwalk virus ranged from 100% for the Japanese strain to 69% for the Cruise 1986B strain (Fig. 4) 
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outbreaks associated with Norwalk virus demonstrated diversity in the region of the RNA-dependent RNA polymerase gene between the Norwalk viruses that could be detected with our primers and the sequence of the reference strain. The nucleotide sequences of viruses from several chronologically and geographically separate outbreaks were closely related to each other and were uniformly dissimilar to those of Norwalk virus and Southampton virus, the latter of which is reported to be of the same serotype as the Snow Mountain agent (17) .
The efficiency with which we detected Norwalk and Norwalk-related viruses was dependent on the set of primers used. Primer pair 35-36, designed from homologous regions in the polymerase genes of Norwalk virus and feline calicivirus, was used with the expectation that it would be broadly reactive (13) . However, we found that under our experimental conditions these primers were less sensitive in single-round RT-PCR than the other polymerase primer set (primer pair 51-3). The primers from the 3' end of the genome (primer pair 1-4) also had poor sensitivity, confirming the observation of Jiang et al. (13) .
Primer pair 51-3 was designed from the prototype Norwalk virus sequence to be applied to a collection of specimens of epidemiologic interest and was able to detect positive PCR products in one or more specimens from all of the outbreaks associated with Norwalk virus or Norwalk-related viruses. When sequence information became available for the Japan and Southampton viruses, we found that primer pair 51-3 was completely homologous to the Japan virus and that 18 of 20 bases in each primer were homologous with the Southampton virus sequence. Primer pair 35-36 also was completely homol-
Deduced amino acid sequences of Norwalk virus, Southampton virus, Japan virus, and virus strains from six outbreaks. The sequence alignment was prepared as described in the legend to Fig. 3 (13) , the presence of PCR inhibitors in stool specimens (13, 28) , delayed collection of specimens to a time when the patients were no longer shedding virus, or sample degradation that occurred during storage and handling.
We were able to detect positive PCR products by nested PCR in some samples from the calicivirus outbreaks, suggesting that these specimens may have been single-round PCR negative because of a low degree of homology between the Norwalk virus primers and these calicivirus strains. Improved sensitivity by nested PCR has also been reported for hepatitis C virus and rotavirus in tests in which single-round PCR failure was attributed to the high degree of sequence variability (2, 9 These results and additional studies of this kind will allow further classification of these viruses at a molecular level and will extend our knowledge of the epidemiology and transmission of these agents.
